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§11. Particle Simulation Study on Profile 
Relaxation in Field-Reversed 
Configurations 
Ohtani, H., Kawabuchi, H., Horiuchi, R., Sato, T. 
The dangerous tilt instability in the FRC plasmas 
which leads to the disruption of plasma confinement' 
is predicted by the MHD theory, but it has not bee~ 
observed in the experiments. Steinhauer and Ishida1) 
pointed out that most experimental equilibrium config-
urations tend to take a hollow current profile. The pur-
pose of this study is to investigate the profile relaxation 
process of the FRC plasmas and clarify its effect on the 
tilt stability using the three dimensional electromagnetic 
particle simulation.2 ,3,4) 
We examine the temporal evolutions of the spatial 
structure to investigate the relaxation process of the FRC 
plasmas from an initial MHD profile to a kinetic one 
when the finite Larmor radius (FLR) parameter sis in-
creased. 
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Fig. 1. Temporal evolutions of the separatrix radius 
rsp, the field-null radius R, and turning points of ion 
me.a~dering motion R ± Lmi for (a) s = 1 and (b) 3. 
T A Is the Alfven transit time, Wei is the ion cyclotron 
frequency, Rleng is the radius of the confinement vessel 
respectively. ' 
Figure 1 shows the temporal evolutions of the separa-
~rix radius rsp, field-null radius R, and turning points of 
Ion m~andering motion R ± Lmi for (a) s = 1 and (b) 3. 
In an Ion meandering region, a local ion Larmor radius 
is larger than a radial distance from the field-null point. 
For s = 1(1eft panel), which corresponds to the kinetic 
case, r sp, R and R ± Lmi oscillate with the frequency 
w ~ 4wei. After Wei t ~ 1r, their oscillation amplitudes 
are gradually decreased. On the other hand no oscilla 
. ' -
t10n appears for s = 3(right panel). 
We plot the temporal evolution of the separatrix beta 
:alue f3sp for s = 1 and 3 in Fig. 2. For s = 1, f3sp 
mcreases from an initial small value to about 0.2 during 
Wcit/2n < 0.15, and keeps this value for a long period. 
On the other hand, for s = 3, the value nearly keeps the 
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Fig. 2. Temporal evolution of the separatrix beta value 
f3sp for s = 1 (solid) and 3( dashed). 
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Fig. 3. Radial profiles of current density at Wcit = 0 
and 1r for s = 1. Dotted lines represent the local ion 
Larmor radius and the radial distance from a field-null 
point, respectively. 
initial value. 
We next examine how the current profile is changed 
in a kinetic FRC plasma after r sp and R are oscillated 
and /3sp is increased. Figure 3 shows the radial profiles 
of the current density at Wei t = 0 and 1r for s = 1. This 
figure shows that an initial peaked profile changes to a 
hollow profile only in a half period of ion cyclotron gyra-
tion. Note that the radial region with the hollow profile 
coincides with an ion meandering region. 
These results suggest that an MHD profile with a small 
f3sp and a peaked current profile changes to a kinetic 
profile with a relatively large f3sp and a hollow current 
profile in a kinetic case ( s = 1). The adopted MHD 
profile is far from a kinetic equilibrium for s = 1 and the 
radial oscillation is excited in order to relax an excess 
energy. 
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